Lo,

NASA-CR~2 04447 CASTANEA 58(2): 90-114. JUNE 1993

Effects of Fire on Nutrient Concentrations and
Standing Crops in Biomass of Juncus roemerianus
and Spartina bakeri Marshes

PauL A. ScHMaLzZER and C. Ross HINKLE

The Bionetics Corporation, NASA Biomedical Operations and Research Office,
Mail Code BIO-2, Kennedy Space Center, Florida 32899

ABSTRACT

We examined effects of fire on nutrient concentrations and standing crops in Juncus
roemerianus and Spartina bakeri marshes by sampling biomass from 25 plots (0.25 m?)
in each marsh before and one year after a fire, separating samples by taxon and live or
standing dead categories, and analyzing for total Kjeldahl nitrogen (TKN), P, K, Ca, and
Mg. Nitrogen concentrations were lower in all biomass types one year after burning. Phos-
phorus concentrations increased in live Spartina, decreased in live Juncus and live Sag-
ittaria in the Juncus marsh, and were unchanged in other types; however, the ratio of P
to N increased in all live biomass types. Concentrations of K declined or remained un-
changed. Calcium concentrations increased in Juncus and Spartina. Magnesium concen-
trations decreased in live and dead Juncus (Juncus marsh), but increased in live Sagittaria
(Juncus marsh), dead Sagittaria (Spartina marsh), and live Spartina. Live biomass gen-
erally had higher concentrations of N, P, and K but lower levels of Ca than dead biomass.
Standing crops of all nutrients were much lower than one year after fire than preburn. Our
results differ from the increases in many tissue nutrients recorded soon after fire in other
studies. Nutrient concentrations often decline with tissue age; thus, concentrations one
year postburn may have differed from those immediately postburn. The absence of an
increase in available soil N until six months postburn may have limited N concentrations
in regrowing biomass. Standing crops of biomass and nutrients did not reestablish preburn
levels in these marshes in one year.

INTRODUCTION

Fires occur naturally in many wetlands (Kirby et al. 1988). In the south-
eastern United States these include cypress and hardwood swamps (e.g., Cypert
1961, Izlar 1984, Hermann et al. 1991, Cook and Ewell 1992), pocosin shrublands
(e.g., Christensen et al. 1981, Wilbur and Christensen 1983), and various marshes
(e.g., Penfound and Hathaway 1938, Vogl 1973, Wade et al. 1980, Duever et al.
1986, Davison and Bratton 1988). Prescribed burning is used in marsh manage-
ment for purposes that include reducing shrub invasion of graminoid wetlands
(Kushland 1990, Huffman and Blanchard 1991, Wade 1991), improving grazing
(McAtee et al. 1979b), and encouraging growth of preferred wildlife food (Givens
1962, Goodwin 1979).
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Fire is a major mineralizing factor in many ecosystems. Fire releases nu-
trients from live and dead biomass to the atmosphere as gases or particulates
(e.g., Raison et al. 1985a, 1985b; Cofer et al. 1988a, 1988b, 1989, 1990a, 1990b;
Crutzen and Andreae 1990) or to the soil surface as ash and partially burned
residue (e.g., Raison 1979, Wells et al. 1979, Rundel 1981). Fire may strongly
influence nutrient cycling on local (e.g., Boerner and Forman 1982) or regional
(e.g., Robertson and Rosswall 1986) scales. One important factor in determining
fire effects on nutrient cycling is the standing crops of nutrients in a system
before burning and the rates at which these recover after fire (e.g., Boerner 1982,
Kellman et al. 1987).

Fire occurs in many grasslands (e.g., Daubenmire 1968, Wright and Bailey
1982, Collins and Wallace 1990). Frequently, short-term increases (persisting a
few months) in nutrient concentrations in regrowing biomass occur (Daubenmire
1968). Longer-term trends may differ. Christensen (1977) found increased N, P,
K, Ca, and Mg in leaf tissue of Aristida stricta Michaux for two to three months
after burning of a pine-wiregrass savanna. At one year after fire, N and P were
lower, and K, Ca, and Mg were equal or less than in the unburned stand. Two
growing seasons after fire, Wein and Bliss (1973) found increased tissue concen-
trations (particularly N, P, K) for some species in tussock tundra. Ohr and Bragg
(1985) found increased P, K, and Zn, and decreased Ca and Mg in several tallgrass
prairie species; some changes persisted as long as three years after a single fire.
Fire frequency and recency affected nutrient concentrations, and some patterns
differed between species (Ohr and Bragg 1985). Increased tissue concentrations
do not always occur. Koelling and Kucera (1965) found lower tissue levels of N
and K in burned than in unburned tallgrass prairie through one year postfire
that they attributed to more rapid growth and greater production in the burned
prairie.

Christensen (1977) noted the importance of tissue age in determining nu-
trient concentrations; P and K concentrations were the same in burned and
clipped sites (tissue age equal), while N, Ca, and Mg were higher in burned than
clipped plots. Newly emerged shoots of Carex spp. had the highest concentrations
of many nutrients (N, P, K) which declined as the shoots aged (Bernard and
Solsky 1977, Auclair 1982, Bernard et al. 1988).

Although fire occurs in many marshes (Kirby et al. 1988), few data are
available on fire effects on marsh biomass chemistry. Steward and Ornes (1975)
found high concentrations of N, P, K, Mg, Mn, and Cu in regrowing Everglades
sawgrass (Cladium jamaicense Crantz) marsh that decreased by three to five
months after fire, while Ca and Fe increased over time. Auclair (1977) found a
negative correlation between fire incidence and tissue nutrient concentrations in
Carex meadows in southern Quebec. Concentrations of many nutrients increased
one to two months after burning of Juncus roemerianus Scheele and Spartina
cynosuroides (L.) Roth marshes in coastal Mississippi (Faulkner and de la Cruz
1982). Hackney and de la Cruz (1983) reported increased N concentrations that
persisted about two months after a winter burn in a Juncus roemerianus marsh
but cutting produced a similar N increase. McAtee et al. (1979a) and Angell et
al. (1986) found increased crude protein (crude protein = 6.25 x total N, Heath
et al. 1973) for one to three months after burning of Spartina spartinae (Trin.)
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Merr. ex Hitche. coastal prairie in Texas. Smith et al. (1984) found increased
crude protein in spring regrowth of Distichlis spicata (L.) Greene, Scirpus la-
custris L., and T'ypha spp. after a fall burn in a Great Salt Lake marsh; decreased
crude protein in Scirpus maritimus L. was attributed to intense grazing. Smith
(1989) found no differences in crude protein in regrowing cattail (Typha latifolia
L.) in burned and unburned Texas playa marshes.

In this paper we examine the concentrations and standing crops of major
nutrients in biomass of Juncus roemerianus and Spartina bakeri Merr. marshes
before and one year after a fire to determine if increases in tissue nutrient
concentrations occur one year after burning and if preburn biomass nutrient
pools recover by this time. Since prescribed burning is used to manage these
marshes along with water level manipulation, it is important to begin to under-
stand the impacts of fire on standing crop biomass nutrient pools and the patterns
of recovery with time. We have previously reported on changes in species com-
position and biomass (Schmalzer et al. 1991b) and soils (Schmalzer et al. 1991a,
Schmalzer and Hinkle 1992) following fire in these marshes. In these studies, we
found that species composition and dominance of Juncus and Spartina marshes
one year after burning were similar to that of preburn, but biomass did not
recover as rapidly. In the Juncus marsh one year after burning, live biomass was
47.2%, standing dead 18.7%, and total biomass 29.3% of that before burning.
In the Spartina marsh, biomass one year after burning was live 42.3%, standing
dead 21.4%, and total 30.7% of that before burning (Schmalzer et al. 1991b).
Soil parameters showed differing patterns of change after burning. Soil pH in-
creased immediately postburn but returned to preburn levels in one month.
Calcium, Mg, K, and PO,-P increased one month postburn, and the increases
persisted through six (K, PO,-P) to 12 (Ca, Mg) months postburn. Nitrogen
species were affected by seasonally varying water levels as well as fire; in burned
marshes, NH,-N was elevated six months and NO,-N 12 months after fire
(Schmalzer and Hinkle 1992).

METHODS
Study Site

This study was conducted at John F. Kennedy Space Center (KSC) located
on Merritt Island on the east coast of central Florida. KSC consists of 57,000 ha
of land and open water lagoons. Areas not actively used by the space program
are managed as Merritt Island National Wildlife Refuge (MINWR) by the U.S.
Fish and Wildlife Service (USFWS) or by the National Park Service as Canaveral
National Seashore. Prescribed burning of uplands and wetlands on MINWR is
conducted by the USFWS as part of their management program (Lee et al. 1981).
See Schmalzer et al. (1991b) for a more complete description of the area.

The site for the specific study was a 2,006 ha controlled burn unit previously
burned in December 1985. With the fire management unit, we selected two
representative marshes scheduled to be burned, one dominated by Juncus roe-
merianus and one by Spartina bakeri. At the time of the site selection (Sept
1988), both marshes were flooded to a similar depth (ca. 15-30 cm). Both marshes
were burned on 11 November 1988 by USFWS/MINWR personnel. Seasonal
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water level fluctuations occurred with precipitation and evapotranspiration.
Marshes remained flooded through three months postburn (Feb); water levels
receded below the surface six months postfire (May), remained unflooded nine
months postburn (Aug), but reflooded 12 months after the fire.

Biomass Sampling and Analysis

In September 1988, one month before the fire, we sampled above-ground
biomass of the Juncus and Spartina marshes by harvesting 25 randomly selected
plots (0.25 m?) in each marsh. Sample size was determined using data from a
pilot study in 1987 and the sample size criteria of Green (1979). One year after
burning (Nov 1989), we repeated the sampling; samples were taken randomly
within areas of the marshes that had burned. Biomass samples were separated
by taxa and by live and dead categories, weighed, oven-dried at 100°C for 24
hours, and dry weights determined. Dried samples were ground in a Wiley mill.
For cations and phosphorus, 1 g of oven-dried material was dry ashed at 450°C
in a muffle furnace and taken up in hydrochloric acid. Analyses for Ca, Mg, and
K were performed on an inductively coupled plasma spectrometer (Wallace and
Barrett 1981). Total P was determined on an autoanalyzer (Technicon Industrial
Systems 1983b). Total Kjeldahl nitrogen (TKN) was determined by digesting a
0.25 g sample in 2 ml concentrated H,SO,, 2 ml 30% H,0,, and 4 ml of K,SO,
digestion mixture in a model BD-40 block digester and analyzing on an autoan-
alyzer (Technicon Industrial Systems 1983a). Standing crops of Ca, Mg, K, P,
and TKN were calculated by multiplying the amount of each biomass category
for a plot by its respective concentration.

Nutrient concentrations and standing crops from preburn to one year post-
burn samples within the same marsh were compared by taxa, and live or standing
dead categories to reduce variability. Concentrations were not all normally dis-
tributed (p < 0.05, Kolmogorov-Smirnov test, SPSS Inc. 1988); therefore, we
used the nonparametric, Mann-Whitney U test (SPSS Inc. 1988) for these com-
parisons.

RESULTS
Nutrient Concentrations

Nitrogen concentrations in all biomass types were substantially lower one
year after burning than preburn (Table 1). Phosphorus concentrations in live
Juncus and live Sagittaria in the Juncus marsh decreased, concentrations in-
creased in live Spartina in the Spartina marsh, and other concentrations did
not change significantly (Table 2). However, the ratio of P to N increased in all
live biomass categories from preburn to one year postburn. In live Juncus, P to
N ratios increased from 1:12.2 to 1:8.5 in the Juncus marsh and from 1:18.8 to
1:9.4 in the Spartina marsh. In live Sagittaria, P to N ratios increased from 1:9.9
to 1:6.3 in the Juncus marsh and from 1:16.4 to 1:7.4 in the Spartina marsh. In
live Spartina, the P to N ratio increased from 1:16.9 to 1:6.0. Potassium con-
centrations generally declined or did not change significantly (Table 3). Calcium
concentrations increased in live Juncus (both marshes), live Spartina, dead
Juncus (Juncus marsh), dead Sagittaria (Juncus marsh), and dead Spartina
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(Table 4). Magnesium concentrations decreased in live and dead Juncus (Juncus
marsh), but increased in live Sagittaria (Juncus marsh), dead Sagittaria (Spar-
tina marsh), and live Spartina (Table 5). The ratio of Mg to Ca in live Juncus
decreased from 1:1.08 to 1:2.72 in the Juncus marsh and from 1:1.18 to 1:2.51 in
the Spartina marsh, consistent with the increased Ca levels but decreased or
unchanged Mg. In live Sagittaria, the ratio of Mg to Ca increased from 1:1.96
to 1:1.62 in the Juncus marsh and from 1:2.22 to 1:2.00 in the Spartina marsh;
in live Spartina, the increase was from 1:2.16 to 1:1.82, indicating that the in-
creases in Mg in these species were greater relative to the increases in Ca.

In addition to differences associated with time since fire, differences due
to biomass type (live or dead) and taxon were evident. In most cases, live biomass
had higher concentrations of N (Table 1), P (Table 2), and K (Table 3) but lower
levels of Ca (Table 4) than dead biomass. Differences in Mg (Table 5) were less
consistent. Live Sagittaria had much higher concentrations of all nutrients than
live Juncus or Spartina.

Nutrient Standing Crops

Total N standing crops and those of most biomass categories (Table 1) were
much lower one year postburn than before burning. Before the fire, live and dead
biomass N pools were about equal in the Juncus marsh, but dead exceeded live
in the Spartina marsh. One year after fire, the live biomass pools exceeded dead
in both marshes. Standing crops of P were much reduced one year after burning
(Table 2). Live biomass was more important than dead both before and one year
after fire. Potassium standing crops were reduced one year postburn (Table 3);
the live biomass pool was more important than dead both before and after fire.
Even though Ca concentrations increased after fire, standing crops decreased
(Table 4). Before burning, the Ca pool in dead biomass was much larger than in
live; one year postburn it was slightly larger. Magnesium standing crops were
lower one year postburn (Table 5). Before burning, the Mg pool in standing dead
slightly exceeded live, but one year postburn live exceeded dead.

DISCUSSION
Nutrient Concentrations

The reduced tissue N levels one year after fire differ from the short term
increases reported for several marshes (Steward and Ornes 1975, McAtee et al.
1979a, Faulkner and de la Cruz 1982, Smith et al. 1984) but are similar to lower
N levels one year after fire in some grasslands (Koelling and Kucera 1965) and
savannas (Christensen 1977). If regrowth immediately after fire in these marshes
had elevated N levels, by one year postburn they had declined. Decreased N
concentrations in Juncus roemerianus (Gallagher et al. 1980) and Spartina al-
terniflora (Ornes and Kaplan 1989) have been attributed to rapid growth. Despite
the decreased tissue N concentrations, there were no indications of N deficiency
in the regrowing plants. Eleuterius and Caldwell (1981) found that Juncus roe-
merianus was more sensitive to deficiencies of Mg than of N, Available N (NH,-N
or NO,-N) in the soil did not increase immediately after fire; NH,-N was elevated
in soils of the burned marshes six months and NO,-N 12 months postburn
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(Schmalzer and Hinkle 1992). The absence of a flush of available N soon after
fire may have limited N concentrations in regrowing tissue.

Available P increased in soils of both burned marshes (Schmalzer and
Hinkle 1992). Species differed in their responses, with concentrations declining
in Juncus and Sagittaria and increasing in Spartina. As with N, short-term
increases may have occurred (e.g., Steward and Ornes 1975, Faulkner and de la
Cruz 1982), but biomass was not sampled at those times, and concentrations may
have been reduced by subsequent growth as in Cladium (Steward and Ornes
1975) and Aristida (Christensen 1977). However, the increased ratio of P to N
in all live biomass suggests greater availability of P relative to N after fire.

Potassium increased in soils of both burned marshes between one and six
months after fire (Schmalzer and Hinkle 1992). Lower levels in tissues of some
species one year after fire might be due to rapid growth. Potassium in Cladium
tissue declined from initially high levels immediately after fire to lower levels in
several months (Steward and Ornes 1975).

Calcium increased in soils of both burned marshes after fire (Schmalzer
and Hinkle 1992). The increases in Juncus and Spartina tissue concentrations
apparently relate to greater availability and may represent “luxury” consumption
in excess of physiological requirements (Epstein 1972). Unlike N, P, and K, much
of the Ca in plants is bound in structural material and is not readily retranslocated
(Epstein 1972, Marschner 1986). Sagittaria, which showed no increase in Ca in
live tissue, contains less structural material than the graminoid species (Odum
and Heywood 1978). Calcium concentrations in Cladium were greater one year
after fire than immediately postburn (Steward and Ornes 1975), but in Aristida
stricta levels were high immediately postburn and then declined (Christensen
1977).

Magnesium increased in soils of both burned marshes after fire (Schmalzer
and Hinkle 1992). Species differed in their response one year after fire with
Juncus declining in tissue concentration, while concentrations in Spartina and
Sagittaria increased. Relative proportions also changed; Ca was more abundant
relative to Mg in Juncus but less abundant in Spartina and Sagittaria one year
after fire. Species may differ in their uptake and allocation of nutrients, although
the availability of all cations increased after fire.

Wetland plants exhibit a wide range of nutrient concentrations that vary
with species, site, plant part, and tissue age (Boyd 1978). Preburn N concentra-
tions for live Juncus roemerianus here are within, although at the low end of,
the range for that species (Table 6). Nitrogen levels one year postburn are lower
than other data. Phosphorus concentrations preburn and one year postburn are
within but at the low end of the reported range; K levels are low compared to
other data (Table 6). Preburn Ca concentrations are about in the middle of
reported values, while levels one year after fire are at the upper range of reported
values (Table 6). Magnesium levels are low compared to other data (Table 6).

Previous reports of Spartina bakeri nutrient concentrations are not known.
It appears to be consistently lower in nutrients than Spartina alterniflora Loisel.
or Spartina cynosuroides (Table 6). Nitrogen levels reported for Spartina spar-
tinae range from 0.62 to 1.12% (McAtee et al. 1979a), also exceeding Spartina
bakeri. Phosphorus levels in Sagittaria lancifolia L. are lower than in Sagittaria
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latifolia Willd. Potassium levels preburn are within range and those postburn
somewhat lower compared to other data. Calcium levels are slightly lower, and
Mg slightly higher than other data (Table 6).

Species that resprout after fire may alter nutrient uptake rates, tissue nu-
trient concentrations, growth rates, leaf turnover, and photosynthesis since they
must adapt to a wide range of environmental conditions (Chapin and Van Cleve
1981). At least some of these changes appear to occur in these resprouting marsh
species.

Nutrient concentrations in live and dead biomass followed expected pat-
terns. Live biomass was higher in N, P, and K which are readily lost from senescent
or dead tissue (Tukey 1970, de la Cruz and Gabriel 1974, Kruczynski et al. 1978,
Marschner 1986); remobilization and reabsorption of mobile elements from se-
nescent tissue also occurs in some species (van der Linden 1980, Marschner 1986,
Bernard et al. 1988). Magnesium also generally declined from live to dead bio-
mass; leaching probably occurred (Tukey 1970). Standing dead biomass was high
in Ca, some of which is leached from leaves (Tukey 1970), but that incorporated
in structural material is not as readily lost (Tukey 1970, Epstein 1972), and it is
not remobilized and reabsorbed from senescent leaves (Marschner 1986).

Decomposition rates of standing dead Juncus roemerianus stems are low
(Christian et al. 1990), and stems may require eight years to decompose where
not removed by tidal action or fire (Eleuterius and Lanning 1987). Decomposition
rates of standing Spartina bakeri are unknown, but it also probably requires
several years. In contrast, Sagittaria lancifolia probably decomposes much more
rapidly, similar to Sagittaria latifolia (Odum and Heywood 1978). However, the
standing dead material that was present one year after fire was largely material
that had been produced since the fire and then died; most partially burned residue
was not evident after one year (P. Schmalzer, pers. obs.). This accounts for the
frequently parallel changes in nutrient concentrations in live and dead biomass
one year after fire. For example, the decreased N levels in standing dead biomass
and the increased Ca in dead Juncus and Spartina one year postburn reflect the
changes in the live tissue from which they were derived.

Nutrient Standing Crops

Nutrient standing crops in the Juncus marsh before burning are within the
range reported for similar marshes, while those one year postburn are low (Table
7). Previous data on Spartina bakeri marshes are not known, but their standing
crops before burning are similar to Juncus, Spartina cynosuroides, and Cladium
Jjamaicense marshes (Table 7).

Nutrient standing crops change as a consequence of changes in biomass
and in nutrient concentrations. All biomass categories were much lower one year
after fire then preburn. The proportions of biomass categories changed; standing
dead recovered less of its preburn biomass than live in one year (Schmalzer et
al. 1991b). Where concentrations all decreased (e.g., N), nutrient standing crops
declined more than biomass. Even where concentrations increased (Ca), total
standing crops were still lower than preburn due to the biomass changes. Nutrient
standing crops recovered less in one year after fire in our Juncus and Spartina
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marshes than in a Cladium marsh (Stewart and Ornes 1975) even though biomass
recovery (Schmalzer et al. 1991b) was similar.

Nutrient Cycling Considerations

Wetlands fires can result in substantial losses of N from above-ground
biomass (van der Linden 1980, Faulkner and de la Cruz 1982) with smaller losses
of K and redistribution of less volatile elements (Faulkner and de la Cruz 1982).
Above-ground standing crops of biomass and nutrients in our marshes require
more than one year to recover. Below-ground biomass, roots and rhizomes, in
Juncus roemerianus greatly exceeds (4-5 x ) above-ground (de la Cruz and Hack-
ney 1977). This is probably true in Spartina bakeri but data are lacking. Changes
in below-ground biomass and its nutrient concentrations after fire are unknown.
These may buffer losses from the above-ground system but quantification is
needed. Nitrogen recirculated from rhizomes to shoots in Phragmites australis
Trin. was estimated at 25-50% (van der Linden 1980). Nutrient recirculation is
important in some Carex wetlands (Bernard and Solsky 1977, Bernard et al.
1988).

CONCLUSIONS

Fire had substantial effects on nutrient concentrations and standing crops
in these marshes that require more than one year to return to preburn conditions.
Since available soil N did not increase until six months after fire in these sites
that were flooded at the time of burning (Schmalzer and Hinkle 1992), limitations
on available N may have affected tissue N levels, although N deficiencies were
not evident. Species responded differently to the increased availability of nutri-
ents after fire. Juncus and Spartina both accumulated calcium but Sagittaria
did not; Spartina accumulated magnesium but Juncus did not. Changes in nu-
trient concentrations and standing crops in below-ground biomass after fire need
to be investigated to determine whether these buffer changes in the above-ground
system. A time series of biomass samples after fire would be useful in determining
whether regrowth immediately after fire showed elevated nutrient levels, and
how nutrient levels changed with time since fire.
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